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SUMMARY 

The objectives of this study were to evaluate the J-2 

airflow measuring systems. The study provides the results 

comparing flowrates for various configurations from six 

fixed and eight remote actuated venturis having a nominal 

throat diameter of 10.2 in. to two reference venturis of 

35 in. and 13 in.. throat diameters. Pressure ratios across 

~e•venturis:from 1.15 to'2.85, and inlet temperatures of 

520, 680 and 770°R~were investigated. 
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I. INTRODUCTION 

Airflow in the J-2 Test Cell is measured by means of 

a multiple venturi system. The system has provisions for 

installation of 49 venturis, each with a nominal throat 

area of 82.5 sq. in. aid of a standard design as described 

"in Reference i. Eleven of these venturis are remotely 

controlled open or closed to maintain choked conditions. 

The remaining venturis are fixed but may be opened or 

closed pre-test by installing or removing blanking plates. 

Eleven fixed and six remote actuated venturis were used for 

this testing as described in subsequent paragraphs of this doc 

document. 
L 

The airflow measurement system for J-2 was certified by 

comparison of measured airflow at the venturi station with 

a~rflow measured by a reference venturLinstalled-downstream. 

Pressure and temperature distortion were also measured up- 

and downstream of the venturi airflow measuring station. 

Leak checks were conducted to measure the leakage into the 

plenum downstream of the venturis. 

The certification was to support testing conducted by 

AEDC under the sponsorship of the Aeronautical Systems 

Division (ASD), Air Force Systems Command (AFSC), Wright 

Patterson Air Force Base, Ohio under Program Element 64215F. 

The results were obtained by ARO, Inc., AEDC Division 

(a Sverdrup Conporation), contract operator of the AEDC, Air 

F~rce Systems Command (AFSC), Arnold Air Force Station, TN. 

The tests were conducted in Propulsion Development Test Cell 

J-2 of the Engine Test Facility (ETF) thru February 1974 under 

ARO Project Numbers RAI75, RA299 and RA351. 
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A .  J - 2  T e s t  C e l l  

I I .  APPARATUS 

J - 2 - T e s t  C e l l  i s  w a t e r - c o o l e d  and  ' iS 20 f t  i n  " d i a m e L e r  
by 69 f t  l o n g .  T e s t  a r t i c l e s  a r e  i n s t a l l e d ' t h r o u g h  a 
180 d e g .  c l a m  s h e l l  h a t c h  w h i c h  i s  34 f t  4 i n .  i n  l e n g t h  
a n d  o p e n s  3 0 " d e g  b e y o n d  c e l l  v e r t i c a l ' .  A i r  i s  s u p p l i e d  
t o  t h e  t e s t ' a r t i c l e  by r o t a t i n g  m a c h i n e r y  t h r o u g h  a 5 
e l e m e n t  c o n t r o l  v a l v e  w i t h  c o r e  b r e a k e r s  t o  a p l e n u m  w i t h  
a f l o w  s t r a i g h t e n e r  o f  h o n e y c o m b  a n d  p u n c h e d  p l a t e  u p -  
s t r e a m  o f  t h e ' v e n t u r i  a i r f l o w  m e a s u r i n g  s t a t i o n .  A i r f l o w  
f r o m  t h e , v e n t u r i  s t a t i o n  e n t e r s  a p l e n u m  w h i c h  s u p p l i e s  
t h e  t e s t  a r t i c l e  w i t h  a i r f l o w  t h r o u g h  an 8 f t  d u c t  w h i c g  
h a s  ~ c o n i c a l  i n l e t  s c r e e n  and  p e r f o r a t e d  p l a t e  f l o w  

' : s t r a i g h t e n e r  i n s t a l l e d .  A i r f l o w  f r o m  t h e  8 f t  d u c t  
n o r m a l l y  e n t e r s  t h e  t e s t  a r t i c l e  t h r o u g h  a b e l l m o u t h  
i n s t a l l e d  i n  t h e  8 f t  d u c t .  

B. T e s t  S e t u p  i 

The a i r f l o w  c e r t i f i c a t i o n  t e s t i n g  was  a c c o m p l i s h e d  w t t h  
t h e  u s e  o f  % r e f e r e n c e  v e n t u r i  i n s t a l l e d  a t  t h e  d o w n s t r e a m  
e n d  o f  t h e  8 f t  d u c t  i n  p l a c e  o f  t h e  t e s t  a r t i c l e  b e l l -  
m o u t h .  F i g u r e  1 s h o w s  t h e  t e s t  c e l l  l a y o u t  w i t h  t h e  v e n t u r i  
i n s t a l l e d .  The a i r f l o w  v e n t u r i  m e a s u r e m e n t  s e t u p  f o r  t h e  
c e r t i f i c a t i o n  t e s t i n g  i s  shown i n  F i g u r e  2.  V e n t u r i s  e v e n  
. n u m b e r e d  a n d  w i t h  an  "A" p r e f i x  a r e  r e m o t e l y  c o n t r o l l e d  
o p e n  o r  c l o s e d  w h i l e  a l l  o t h e r  v e n t u r i s  a r e  f i x e d  f o r  
t e s t i n g  a n d  m u s t  be  o p e n e d  o r  c l o s e d  p r i o r  t o  t e s t  by 
i n s t a l l a t i o n  o r  r e m o v a l  o f  b l a n k i n g  p l a t e s .  The  R e f e r e n c e  
V e n t u r i  was  i n s t a l l e d  i n  t h e  8 f t  d u c t  a s  shown i n  F i g u r e  
2 .  TwO r e f e r e n c e  v e n t u r J s  w e r e  u s e d ,  o n e  w i t h . a  35 i n .  
t h r o a t  d i a m e t e r  a n d  o n e  w i t h  a 13 i n .  t h r o a t .  

C. I n s t r u m e n t a t i o n  

Instrumentation used is summarized in the table shown 
on Figure I. Details of measurement ]ocations are shown 
in Figures 3 and 4. 

D. Data Conditioning and Recordini~ 

The pressures, temperatures and venturi positions were 
recorded by a computer controlled digital data acquisition 
system (DDAS). The system operates at 20,000 samples per 
second. The scan rate f~,r each channel was I00 samples, 

I 
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p e r  s e c o n d .  P r e s s u r e s  w e r e  m e a s u r e d  u s i n g  a s c a n n e r  v a l v e  
, s y s t e m  w h i c h  h a s  t h e  c a p a b i l i t y  o f  s c a n n i n g  7 2 0  c h a n n e l s  

o f  p r e s s u r e  m e a s u r e m e n t s  w i t h  60  s c a n n e r  v a l v e s .  S c a n n e r  
v a l v e  p r e s s u r e  ' c h a n n e l s  a r e  i n - p l a c e  c a l i b r a t e d  w h i l e  

" t e m p e r a t u r e  c h a n n e l s  a r e  m i l l i v o l t  s u b s t i t u t i o n  c a l i b r a t e d .  

D a t a  o b t a i n e d  o n  t h e .  DDAS a r e  r e c o r d e d  o n  m a g n e t i c  
t a p e  a n d  a r e  e i t h e r  s i m u l t a n e o u s l y  t r a n s m i t t e d  t o  t h e ' d a t a  
r e d u c t i o n  c o m p u t e r  f o r  c o m p u t a t i o n  o r  a r e  r e d u c e d ' a ~  a 

~" l a t e r  t i m e  f r o m  t h e  m a g n e t i c  t a p e .  

On-line engineering units data display is provided by 
• "the DDAS'on an alpha-numeric CRT display whose i@age is 
transmltted to ~he control room by closed circuit television. 

I I I .  PROCEDURE 

T e s t i n g  w a s  a c c o m p l i s h e d  a t  a i r f l o w s  r a n g i n g  u p  t o  3 0 0  
l b / s e c  a n d  t h e  n u m b e r  o f  v e n t u r i s  c o n t r o l l e d  t o  p r o d u c e  v e n t u r i  
p r e s s u r e  r a t i o s  o f  1 . 1 5  t o  2 . 8 5 .  S t e a d y  s t a t e  d a t a  w a s  r e c o r d e d  
by t h e  DDAS f o r  e a c h  s e t  c o n d i t i o n  a n d  a i r f l o w  w a s  c a l c u l a t e d  f o r  
t h e  m u l t i p l e  v e n t u r i s  a n d  t h e  r e f e r e n c e  v e n t u r i .  I n l e t  a i r  
t e m p e r a t u r e s  o f  5 2 0 , 6 8 0  a n d  7 7 0 ° R  w e r e  s e t  d u r i n g  o n e  t e s t  t o  
d e t e r m i n e  t h e  t e m p e r a t u r e  d i s t o r t i o n  a n d  i t s  e f f e c t  o n  a i r f l o w  
m e a s u r e m e n t .  A s u m m a r y  o f  t h e  v e n t u r i  c o n f i g u r a t i o n s  t e s t e d  i s  
f o u n d  i n  T a b l e  I .  

, "  
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I V. RESULTS 

A. Flow Coefficients 

T h e  v e n t u r i '  d e s i g n  u s e d  a s  a s t a n d a r d  f o r  t h e  J - 2 .  
m u l t i p l e  v e n t u r i  s y s t e m  i s  a s  d e s c r i b e d  i n  R e f .  l .  

A c o m p u t e r  p r o g r a m  w a s  u s e d  t o  c a l c u l a t e  t h e  f l o w  c o -  
e . f f i c £ e n t  f o r  t h e  m u l t i p l e  v e n t u r i s  a n d  r e f e r e n c e  v e n t u r i  
a n d  w a s  u s e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  p r e s s u r e ,  t e m p e r a -  
t u r e s  a n d  R e y n o l d s  n u m b e r .  T h e  c o m p u t e r  p r o g r a m  p r o v i d e d  
a t h e o r e t i c a l  m e a n s  o f  d e t e r m i n i n g  f l o w  c o e f f i c i e n t  a s  a 
f u n c t i o n  o f  p r e s s u r e ,  t e m p e r a t u r e  a n d  ' R e y n o l d s  n u m b e r .  
F i g u r e  5 s h o w s  t h e  c o m p a r i s o n  o f  t h e  c h o k e d  f l o w . c o e f f i c i e n t  
f o r  t h e  m u l t i p l e  v e n t u r i s  a n d  t h e  13 a n d  3 5  i n .  r e f e r e n c e  
v e n t u r i s .  I t  i s  e v i d e n t  t h a t  R e y n o l d s  n u m b e r  n o n d i m e n -  

, s i o n a l i z e s  t h e  c h o k e d  c o e f f i c i e n t  t o  w i t h i n  ± 0 . 0 2 5 %  f o r  
t h e .  v a r i a b l e s  o f  p r e s s u r e ,  t e m p e r a t u r e  a n d  t h r o a t  d i a m e t e r .  
To a c c . o u n t  f o r  t h e  s m a l l  d i f f e r e n c e s  s h o w n  t h e  c o e f f i c i e n t  
d a t a  f o r  t h e  3 5  i n .  v e n t u r i  w a s  c u r v e  f i t  s e p a r a t e l y  a s  s h o w ~  
' i n  ' F i g u r e  6 :  T h e  e q u a t i o n  i s  p r e s e n t e d  o n  t h e  f i g u r e  f o r  
t h e  3 5  i n .  v e n t u r i  t h a t  r e l a t e s  CF t o  RN. T h e  m u l t i p l e  
v e n t u r i  c o e f f i c i e n t  w a s  s u r f a c e  f i t  a s  a f u n c t i o n  o f  
t e m p e r a t u r e  a n d  p r e s s u r e .  F i g u r e  7 s h o w s  t h i s  s u r f a c e  f i t  
a n d  t h e  e q u a t i o n  d e r i v e d  f o r  i t .  

O n l y  t h e  m u l t i p l e  v e n t u r i s  w e r e  c o n s i d e r e d  f o r  
u n c h o k e d  f l o w  c o n d i t i o n s .  T h e  CF w a s  e v a l u a t e d  " f o r  
v a r i o u s  t e m p e r a t u r e s ,  p r e s s u r e s ,  a n d  p r e s s u r e  r a t i o s .  I t  
w a s  d e t e r m i n e d  t h a t  t h e  t e m p e r a t u r e  e f f e c t  w a s  i n s i g n i f i -  
c a n t  f r o m  F i g u r e  8 w h e r e  CF i s  p l o t t e d  v s  p r e s s u r e  r a t i o .  
T h e  e q u a t i o n  o n  F i g u r e  $ i s  f o r  t h e  CF w i t h  p r e s s u r e  a n d  
p r e s s u r e  r a t i o ,  a s  t h e  v a r i a b l e s .  T h e  p r e s s u r e  r a t i o  u s e d  
i s  t h e  t h e o r e t i c a l  p r e s s u r e  ( t h r o a t  w a l l  s t a t i c  p r e s s u r e  
t o  i n l e t  t o t a l  p r e s s u r e )  c a l c u l a t e d  by  v a r y i n g  t h e  t h r o a t  

'Mach  n u m b e r . .  

B.  P r e s s u r e  D i s t o r t i o n  

P r e s s u r e  d i s t o r t i o n  w a s  d e t e r m i n e d  b y  c a l c u l a t i n g  
' ( P M a x - P M i n ) / P A v g  a t  S t a t i o n  ~ ( m u l t i p l e  v e n t u r i  i n l e t )  
a n d  S t a .  1 . 0  ( 8  f t  d u c t ) .  T h e  d i s t o r t i o n  a t  S t a  ~ i s  
s h o w n  i n  F i g u r e  9 a s  a f u n c t i o n  o f  v e n t u r i  f l o w  c o r r e c t e d  
t o  s t a n d a r d  c o n d i t i o n s  a t  S t a  ~ .  The  d i s t o r l ; i o n  i s  
g e n e r a l l y  b e l o w  1 . 0 %  a n d  a i r f l o w  l e v e l  d o e s  n o t  h a v e  a 
s i g n i f i c a n t  e f f e c t  o n  d i s t o r t i o n .  T h i s  w a s  a s  e x p e c t e d  
b e c a u s e  o f  t h e  l o w  Mach  ( < 0 . 0 3 )  n u m b e r  i n  t h e  20  f t  d i a .  
p l e n u m .  T h e r e f o r e ,  t h e  S t a  ~ d i s t o r t i o n  i s  p r i m a r i l y  a 
r e s u l t  o f  t h e  f l o w  p a t t e r n  f r o m  t h e  f a c i l i t y  v a l v e s  u p -  
s t r e a m  o f  t h e  m u l t i p l e  v e n t u r i s .  

The distortion at Sta [.0 in the 8 ft duct is shown in 
Fig. i0 as a function of c'orrected airflow. The maximum 
corrected airflow level fc~r the B-I test w[ll be' approxi- 
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m a t e l y  350 l b / s e c ,  w h i c h  w o u t d  r e s u l t  i n  d i s t o r t i o n  l e v , . l s  
l e s s  t h a n  1%. Tile d i s t o r t i o n  a p p r o a c h e s  3 p (~ rcon t  a t  
c o r r e c t e d  a i r f l o w  l e v e l s  o f  1200 l b / s e c  and  d u c t  Mach 
number ,  o f  0 . 3 .  The 8 '  d u c t  Mach n u m b e r  a s  a f u n c t i o n  ,,f 
a i r f l o w  i s  shown i n  F i g .  t l .  

D i s t o r t i o n  m e a s u r e m e n t s  a r e  a l s o  i n f l u e n c e d  by  p r e s s u r e  
l e v e l  a s  c a n  be  s e e n  f r o m  F i g .  12 .  P r e s s u r e  l e v e l  e f f e c t  
was  o b t a i n e d  by u t i l i z i n g  one  v e n t u r i  and  v a r y i n g  t h e  
p r e s s u r e  l e v e l  a t  S a t .  ~ and  S t a .  1 . 0 .  The e f f e c t  o f  
f l o w r a t e  i s  i n s i g n i f i c a n t  i n  c o m p a r i s o n  t o  t h e . e f f e c t  ot' 
p r e s s u r e  l e v e l .  The e f f e c t  shown h e r e  i s  p r i m a r i l y  t h e  
r e s u l t  o f  e x c e s s i v e  p r e s s u r e  m e a s u r e m e n t  p r e c i s i o n  e r r o r  
a t  t h e  low l ' e v e l s  o f  p r e s s u r e  (~6 p s i a )  w i t h  t h e  p r e s s u r e  
t r a n s d u c e r s  u s e d .  T h i s  i n d i c a t e s  t h a t  t o  o b t a i n  p r e c i s e  
m e a s u r e m e n t s  b e l o w  5 p s i a  e x t r a  c a r e  m u s t  be  t a k e n  by 
s e t t i n g p r e s s u r e  l e v e l s  d u r i n g  s y s t e m s  c a l i b r a t i o n  i n  t h d  
r a n g e  o f  t h e  d a t a  t o  be o b t a i n e d .  

, 

C. T e m p e r a t u r e  D i s t o r t i o n  E f f e c t s  

The e f f e c t  o f  i n l e t  t e m p e r a t u r e  v a r i a t i o n  on f l o w  
m e a s u r e m e n t  was  i n v e s t i g a t e d  by v a r y i n g  t h e  i n l e t  t o t a l  
t e m p e r a t u r e ' ( T T  00) t o  t h e  v e n t u r i s .  The i n c r e a s e d  
t e m p e r a t u r e  r e s u l t e d  i n  t e m p e r a t u r e  d i s t o r t i o n  a t  t h e  
v e n t u r i  i n l e t  shown i n  F i g .  13 o f  9 t o  10 p e r c e n t  f o r  i n l e t  
t e m p e r a t u r e  a p p r o a c h i n g  8 0 0 ° R .  T h e r e  was  some e f f e c t  e l  
t h e  v e n t u r i  p a t t e r n  u s e d  a s  shown by t h e  c o m p a r i s o n  o f  
G r o u p  1 t o  G r o u p  2 ,  b u t  was  a s m a l l e r  e f f e c t  t h a n  t h e  
e f f e c t  o f  t e m p e r a t u r e . i n c r e a s e  on d i s t o r t i o n .  The e f f e v t  ot 
t h i s  r e s u l t i n g  d i s t o r t i o n  on t h e  a i r f l o w  m e a s u r e m e n t  c a n  
be s e e n  by c o m p a r i n g  t h e  f l o w  m e a s u r e d  w i t h  t h e  m u l t i p l ~  
v e n t u r i s  and  t h e  s i n g l e  d o w n s t r e a m  v e n t u r i .  T h i s  c o m p a r i -  
s o n  i s  p r e s e n t e d  i n  F i g .  14 w i t h  t h e  m u l t i p l e  v e n t u r i  
f l o w  up  t o  0 . 7  p ~ r c e n t  h i g h e r  t h a n  t h e  s i n g l e  v e n t u r i  
f l o w  (WSV). T h i s  d i f f e r e n c e  was  p r i m a r i l y  a r e s u l t  o f  t h e  
i n a d e q u a t e . s a m p l i n g  w i t h  t h e  t e m p e r a t u r e  p r o b e s  due  t o  l h e  
t e m p e r a t u r e  d i s t o r t i o n  a t  t h e  i n l e t  t o  t h e  m u l t i p l e  v e n t u r i s .  

An a t t e m p t  was  made t o  a c c o u n t  f o r  t h e  s a m p l i n g  e r r o r  
by d e t e r m i n i n g  t e m p e r a t u r e  p r o f i l e s  f r o m  t h e  m e a s u r e d  dr, t a .  
The p r o f i l e s  w e r e  t o o  c o m p l e x  t o  e a s i l y  d e t e r m i n e  m a t h e -  
m a t i c a l l y ;  t h e r e f o r e ,  e n g i n e e r i n g  j u d g m e n t  was  p r i m a r i l y  
u s e d  t o  e s t a b l i s h  p r o f i l e s .  P o s i t i o n s  o f  e q u a l  a r e a  on t h e  
v e n t u r i s  i n  r i n g  A a n d  B w e r e  u s e d  t o  d e t e r m i n e  t e m p e r a t u r e  
f r o m  t h e  e s t a b l i s h e d  p r o f i l e s .  T h e s e  e q u a l  a r e a  t e m p e r a -  
t u r e  v a l u e s  @ere  t h e n  u s e d  t o  c o r r e c t  t h e  u p s t r e a m  v e n t u r i  
f l o w  on a f ew  s e l e c t e d  d a t a  p o i n t s  h a v i n g  h i g h  d i s t o r t i o n  
l e v e l s .  The r e s u l t i n g  f l o w  was  t h e n  c o m p a r e d  t o  WSV f l o w  
a n d  i s  shown i n  F i g .  15.  The  i m p r o v e m e n t  i s  s i g n i f i c a n t  
a n d  t h o u g h  some s c a t t e r  r e m a i n s  i n  t h e  d a t a  i t  i s  e v i d e n t  
t h a t  t h e  h i g h  t e m p e r a t u r e  d i s t o r t i o n  r e s u l t e d  i n  a s a m p l i n g  
e r r o r .  To e l i m i n a t e  t h i s  s a m p l i n g  e r r o r  a t h r e e - p r o b e  r a k e  
was p l a c e d  a c r o s s  e a c h  o f  t h e  o u t s i d e ,  v e n t u r i s  i n  R i n g  A. 
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t 

Verificatibn of a±rflow measurement validity was 
d~termined in these tests by comparison o£ multiple venturi 
a i r f l o w  c a l c u l a t i o n s  w i t h  a i r f l o w  c a l c u l a t e d  f o r  t h e  
r e f e r e n c e  v e n t u r i .  S e v e r a l  c o n f i g u r a t i o n s  o f  m u l t i p l e  
v e n t u r i s  w e r e  u s e d .  T h e  e f f e c t  o f  c o n f i g u r a t i o n  on  a i r -  

• : f l o w  m e a s u r e m e n t  a s  s h o w n  on  F i g u r e  16 w a s  d e t e r m i n e d  t o  
be  i n s i g n i f i c a n t  i n  c o m p a r i s o n  t o  d a t a  s c a t t e r .  

T h e  c o m p a r i s o n  o f  m u l t i p l e  v e n t u r i  a i r f l o w  w i t h .  
" r e f e r e n c e  v e n t u r i  a s  a f u n c t i o n  o f  o v e r a l l  p r e s s u r e  r a t i o  

i s  s h o w n  i n  F i g u r e  1 7 .  T h e  f l o w  t h r o u g h  t h e  r e f e r e n c e  
v e n t u r i  i s  c h o k e d  a t  a l l  t e s t  c o n d i t i o n s .  T h e  c h o k e d  f l ~ w  
c a l c u l a t i o n  f o r  t h e  m u l t i p l e  v e n t u r i s  i s  v a l i d  t o  a 
p r e s s u r e  r a t i o  a s  l o w  a s  1 . 2 5 .  U n c h o k e d  f l o w  c a l c u l a t i o ~ s  
m u s t  b e  u s e d  b e l o w  a p r e s s u r e  r a t i o  o f  1 . 2 5 .  • T h e  a v e r a g e  

. a g r e e m e n t  o f  t h e  m u l t i p l e  v e n t u r i  w i t h  t h e  r e f e r e n c e  
v e n t u r i  i s  0 .2% w i t h i n  t h e  c h o k e d  f l o w  r a n g e  a n d  0 . 4 5 %  w ~ t h  
t h e  m u l t i p l e  v e n t u r i s  u n c h o k e d .  

An e r r o r  a n a l y s i s  o f  t h e  a i r f l o w  m e a s u r i n g  c a p a b i l i t ~ , ~ s  
r e s u l t e d  i n  t h e  f o l l o w ' i n g  e s t i m a t i o n  o f  t h e  a L r f l o w  
m e a s u r e m e n t  u n c e r t a i n t y  o v e r  t h e  c h o k e d  f l o w  r a n g e .  

At the 95 percent confidence level the possible bias 
of 0.24 percent and a precision of 0.21 percent combine 
t~ give a total airflow measurement uncertainty of ±0.45 
percent. 

E. Unchoked Flow 

The calculation of flow when the venturi is unchoked 
requires the measurement of the throat static pressure. 
Figure 18 shows the theoretical inlet to throat static 
pressure ratio as a function of temperature for the multiple 
venturl design. Figure 19 shows the measured inlet to 
throat static pressure ratio at a constant temperature for 
each of the multiple venturis used. The measured inlet 
to throat static pressure ratios vary from the theoretica] 
and also vary.as a function of the overall, pressure rati,~ 
below 1.4 even though the venturi is choked to a pressurt, 
ratio of 1.25 as shown on Figure 17. These variations ill 
pressure ratio are a result of variations in as-built 
venturi geometry and throat static pressure tap installa- 
tions not being in the minimum area plane. 

The measured inlet to throat static pressure ratio is 
corrected by the amount oi' deviation from the theoretical 
pressure ratlo*before the venturl coefficient is calculated. 

'. i 

6 



The corrected unchoked throat static prc qsure is 
calculated as follows: 

PRACT = 

PSIN ffi 

P R T H  = 

PO0 '-- 
PRACTX = 

PSINX = 
TOO = 

The m e a s u r e d  c h o k i n g  p r e s s u r e  r a t i o  
( I n l e t  t o t a l  t o  t h r o a t  s t a t i c )  
The m e a s u r e d  t h r o a t  s t a t i c  p r e s s u r e '  
The t h e o r e t i c a l  p r e s s u r e  r a t i o  
( I n l e t  t o t a l  t o  t h r o a t  s t a t i c )  
The m e a s u r e d  t o t a l  i n l e t  p r e s s u r e  
The c o r r e c t e d  m e a s u r e d  p r e s s u r e  r a t iL~  
( I n l e t  t o t a l  t o  t h r o a t  s t a t i c )  
The c o r r e c t e d  m e a s u r e d  t h r o a t  s t a t i c  
The m e a s u r e d  i n l e t  t o t a l  ~ e m p e r a t u r e  "R 

P R T H  

P R A C T X  

P S 1 N X  

= 0.477843 + .869 x 10 -5 (TOO'-500) 

= PRACT + 0.869 x 10 -5 (TOO-500) 

: oo [ , . o +  , ,  

The v a l u e  o f  PS1NX i s  u s e d  i n  c o r r e l a t i o n  w i t h  F igur , . ,  
8 t o  o b t a i n  t h e  v e n t u r i  c o e f f i c i e n t .  The u n c h o k e d  f l o w  ~s 
c a l c u l a t e d  a t  a p r e s s u r e  r a t i o  a c r o s s  t h e  m u l t i p l e  v e n t t : r i s  
o f  a p p r o x i m a t e l y  1 . 1 5  u s i n g  t h e  a b o v e  c o r r e c t i o n  and  i s  
shown a s  t h e  s o l i d  s y m b o l s  i n  F i g u r e  17 .  

F.  L e a k a g e  F l o w  

F i g u r e  20 shows  t h e  r e s u l t s  o f  i n l e a k a g e  a i r f l o w  t e s t s  
c o n d u c t e d  t o  d e t e r m i n e  t h e  r a t e  o f  l e a k a g e  a s  a f u n c t i o n  
o f  i n l e t  p r e s s u r e  a t  t h e  r e f e r e n c e  v e n t u r i  ( P l ) .  I n -  
l e a k a g e  f l o w  i s  s m a l l  ( 9 . 2  l b / s e c )  and  i s  i n s i g n i f i c a n t  
when  c o m p a r e d . t o  t h e  a i r f l o w  r a n g e  o f  i n t e r e s t  i n  B1 ( F I 0 ] . )  
e n g i n e  t e s t i n g  a t  100 t o  350 l b / s e c .  

° 

t 
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IV. 

SUMMARY OF RESULTS 

: ' T h e ' r e s u l t s  o f  t h e  v e n t u r i  a i r f l o w  c e r t i f i c a t i o n  a r e  
s u m m a r i z e d ,  a s  f o l l o w s :  

. Pressure distortion at Station ~ i s  less than I% 
below 350 lb/sec airflow. 

. P r e s s u r e  d ' i s t o r t i o n  a t  S t a t i o n  1 i s  l e s s  t h a n  1% 
b e l o w  350  l b / s e c  a i r f l o w .  

. Temperature distortion ranges from 2% at 520°R to 
9% a t  7 6 0 ° R  a t  S t a .  ~ .  

. C h a n g e s  i n  t h e  t e m p e r a t u r e - s a m p l i n g  p r o c e d u r e  r e d u c e ~ l  
t h e  e f f e c t  o f  TT d i s t o r t i o n  on  f l o w  r a t e  c a l c u l a t i o ~ J  
f r o m  - 0 . 7 %  t o  ± 0 . 3 % .  

5 .  • T h e  e f f e c t  o f  m u l t i p l e  v e n t u r i  c o n f i g u r a t i o n  on  
a i r f l o w  m e a s u r e m e n t  i s  i n s i g n i f i c a n t .  

. A i r f l o w  c a l c u l a t e d  a t  t h e  m u l t i p l e ' v e n t u r i  s t a t i o n  
c o m p a r e s  w i t h  t h e  r e f e r e n c e  v e n t u r i  a i r f l o w  c a l c u -  
l a t i o n  t o  w i t h i n  a n  a v e r a g e  o f  0 .2% c h o k e d  a n d  

0 . 4 5 %  u n c h o k e d .  

'" 7 .  T h e  a i r f l o w  m e a s u r e m e n t  u n c e r t a i n t y  a t  t h e  95 p e r -  
c e n t  c o n f i d e n c e  l e v e l  was  d e t e r m i n e d  t o  be  ± 0 . 4 5  
p e r c e n t  f o r  v e n t u r i  c h o k e d  f l o w .  

I 
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